Abstract Economic losses due to helminth parasites in sheep throughout the world are considerable. Haemonchus contortus is a blood sucking intestinal helminth that lives in the abomasum of small ruminants worldwide. This parasite can be devastating to producers as it causes decreased production levels due to clinical signs such as anaemia, edema and death. For isolation of the proteins of the parasite, a well defined methodology was adopted. The abomasae of sheep in which this parasite resides were collected from abattoirs of various districts and were then carried to laboratory for screening. In case of collection sites falling in far areas, the organs were screened on spot. The parasites were collected in normal saline, washed and stored in 0.05 M PBS with pH of 7.4 at 0°C. After refrigeration, frozen nematodes were thawed, homogenized and centrifuged at 1,000-15,000 rpm for 15 min. The supernatant was thus collected as a protein mixture and stored at -20°C. Protein concentration of the samples was estimated by Lowry method. The samples were then analyzed through PAGE and then through SDS-PAGE. Protein estimation of the samples was estimated to be 4.2 mg/ml. The processed parasite samples were then subjected to PAGE and SDS-PAGE to determine the presence of the proteins. It showed high concentration of proteins in its whole protein profile. The proteins were seen as continuous bands intermixing with each other in PAGE analysis. The present study revealed two bands of molecular weights-55 and 33 kDa in PAGE analysis. The proteins when analyzed through SDS-PAGE were mostly found in the range of 25-70 kDa. The SDS-PAGE analysis showed four prominent bands. These bands were of the molecular weights of 66, 40, 33 and 26 kDa. The present work was a challenging one since only a single study was conducted in this region on this aspect and thus obviously was a big task to peep into the field where scanty input was available.
Introduction
Ruminants are of considerable economic importance because ruminant rearing has been a major source of income especially to the marginal farmers and labourers of the country (Bandyopadhyay 1999) . Domestic ruminants such as sheep, goats etc. are among those animals which were first tamed by man. Archaeological evidence suggest that sheep were being raised for wool production as long as 4,000 B.C. (Campbell and Lasley 1985) . Although the precise origin of domestic sheep remains controversial, it is generally agreed that they originated from the white Mouflon, which is still in both Western Asia and Europe.
Gastro-intestinal (GI) parasitism represents a severe health problem in small ruminant production system especially sheep and its consequences are extensive, which may range from reduced productivity to mortality (Skykes 1994) . It may also cause body composition changes and render the affected animals more susceptible to concurrent infections (Dominguez-Torano et al. 2000) . Haemonchus contortus (Rudolphi 1803) Cobb (1898) is a blood sucking intestinal helminth that lives in the abomasum of small ruminants worldwide. This parasite can be devastating to producers as it causes decreased production levels due to clinical signs such as anaemia, edema and death. Economic losses are especially increased in tropical and subtropical regions where H. contortus thrives and consumption of goat meat is higher than other food animals. Control programmes in the past included pasture management strategies combined with intensive anthelmintic treatment and prophylaxis which were effective in reducing losses of meat and wool in sheep and goats. There are anthelmentics still available but multiple drug resistant H. contortus strains have quickly developed and producers and veterinarians are now faced with seeking alternative methods of treatment and prevention (Sangster 1999; Miller et al. 1987; Miller and Barras 1994; Jackson and Coop 2001; Terrill et al. 2001 ). Another reason that makes H. contortus dangerous is its ability to rapidly develop resistance against anthelmintics (Coles et al. 2005) .
Infections with H. contortus are major causes of economic losses in small ruminant husbandry (Loyacano 2002) . Researchers worldwide have been studying new strategies and novel approaches to the control of H. contortus in hopes to alleviate the current dependency on anthelmintics that are becoming less efficacious (Waller and Thamsborg 2004) .
Materials and methods

Parasite collection
Naturally infected guts were obtained from slaughtered sheep on the day of slaughter from local slaughterhouses in particularly three districts namely Anantnag, Pulwama and Srinagar of Jammu and Kashmir. Guts were examined thoroughly especially the abomasums part and nematode particularly H. contortus was collected and placed in petridish containing 0.05 M PBS (pH 7.4) for initial washing to remove host material and allow regurgitation of gut contents. The nematode was stored in collection vials containing PBS and transported to the Parasitology Lab, Centre of Research for Development (C.O.R.D), University of Kashmir, Srinagar.
Processing of the material for protein analysis
Procedure for preparation of sample For extraction of proteins, nematode species were homogenized separately in 10 ml of cooled 0.05 M PBS in a glass tissue homogenizer. The disintegrated parasite extract was centrifuged at 4°C at 10,000-15,000 rpm for 15 min and the supernatant was collected and stored at -20°C till use.
Protein estimation by Lowry method
The protein concentration of samples was assessed using Lowry assay (Lowry et al. 1951) . It is a highly sensitive method and can detect proteins as low as 5 ll/ml. This is the most widely used method for protein estimation (Zargar et al. 2000) .
Preparation of reagents
Copper reagent
This reagent was prepared by dissolving 4 % sodium carbonate (4 g of sodium carbonate dissolved in 100 ml of distilled water), 4 % sodium potassium tartrate (0.5 g of Sodium potassium tartrate in 12.5 ml of distilled water) and 2 % copper sulphate (0.25 g of copper sulphate in 12.5 ml of distilled water). The above components were mixed in the ratio of 100:1:1 at the time of experiment. In order to avoid precipitation, the solution ''4 % Sodium potassium tartrate'' was added to solution ''4 % sodium carbonate'' followed by ''2 % copper sulphate''.
Folin-Ciocalteau reagent solution
The stock solution was diluted in the ratio of 1:4 by distilled water i.e. 4 ml dissolved in 16 ml of distilled water.
BSA stock solution
This solution was prepared by dissolving 50 mg of BSA in 100 ml of distilled water. BSA was used as reference protein for estimation of concentration of unknown protein in the sample.
Analysis of the material for proteins
The analysis of the materials for the proteins present was done by the method of polyacrylamide gel electrophoresis (PAGE) and sodium dodecyl sulfate polyacrylamide gel electrophoresis [SDS-PAGE (Laemmli 1970) ]. The total protein profile of the parasite was carried out using PAGE. In SDS-PAGE, the separation of proteins was done on the basis of molecular size of the proteins. SDS, a denaturing agent along with b-mercaptoethanol (reducing agent) was applied to the protein mixture in order to disrupt the secondary, tertiary and quaternary structure attached to it.
30 % Acrylamide
Acrylamide:
29 mg Bis-acrylamide: 1 mg These reagents were dissolved in 70 ml distilled water to make final volume 100 ml.
Note Acrylamide is a potent neurotoxin and can be absorbed through the skin. Wear gloves and a mask when weighing the reagents and while handling the solutions containing these reagents.
2. 1.5 M Tris (pH = 8.8)
18.17 g of Tris buffer (molecular weight-121.14 g) was dissolved in double distilled water and final volume was made 100 ml. pH of the solution was adjusted at 8.8.
3. 1 M Tris (pH = 6.8)
15.76 g of Tris-HCl (molecular weight-157.6 g) was dissolved in double distilled water and final volume was made 100 ml. pH of the solution was adjusted at 6.8.
10 % SDS
10 g of sodium dodecyl sulfate was dissolved in 100 ml of distilled water.
10 % Ammonium persulfate (APS)
10 % freshly prepared APS was used. This was prepared by dissolving 10 g APS in 100 ml of distilled water. It was then covered with aluminium foil and stored at -20°C.
TEMED was added at the time of loading the gel.
7. Preparation of running buffer 2 mM Tris was mixed in 490 ml of distilled water. After that glycine was added and mixed thoroughly. Finally SDS was added and mixed thoroughly until all the reagents got thoroughly mixed with each other.
8. Preparation of sample buffer 1 M Tris was mixed in 80 ml of distilled water. 1.5 g of SDS and 0.002 g of bromophenol blue was then added and mixed thoroughly. Glycerol was added to make the final volume 12.5 ml and then 150 ll of b-beta mercaptoethanol was added to 1 ml aliquote. Sample buffer was stored at -20°C in 1 ml aliquot.
9. Preparation of staining solution 0.2 g of coomassie brilliant blue was added to a mixture of 45 ml of methanol and 10 ml of acetic acid. 45 ml of distilled water was then added to make the final volume up to 100 ml.
10. Preparation of destaining solution 10 ml of acetic acid was added to 10 ml of methanol and 80 ml of distilled water was added to make the final volume up to 100 ml.
Gels prepared
1.5 M Tris buffer was used in resolving gel and 1 M Tris buffer was used in stacking gel. The 10 % resolving gel and 5 % stacking gel for both PAGE and SDS-PAGE were used during present study.
Note 10 % SDS and b-mercaptoethanol were used only in case of SDS-PAGE.
Loading of the gels
After setting the apparatus, the sealing was done with 1 % agar. 10 % resolving gel prepared for PAGE and SDS-PAGE respectively was then poured in between the plates immediately. The top of the resolving gel was overlaid with 1 ml of distilled water in order to reduce the surface tension. The gel slab was left for 1 h for polymerization. After the polymerization, water was removed and the stacking gel prepared for PAGE and SDS-PAGE respectively was poured over the resolving gel. The plastic comb was inserted immediately in the stacking gel to form the wells and the gel slab was kept undisturbed for polymerization.
Note: Gloves should be worn at all times while performing SDS-PAGE. To insure proper alignment and casting, the glass plates, spacers, combs and casting stand gaskets must be clean and dry. The glass plates should be cleaned with 70 % ethanol.
Loading of samples
Sample buffer and protein solution were mixed in the ratio of 1:4 in an appendorf tube. The tube was then placed on thermostat for about 3 min. Rinse the micro pipette to be used for loading samples a few times with distilled water. Insert the micro pipette to about 1-2 mm from the well bottom before delivery. Rinse the micro pipette a few times with distilled water after loading each well so as to prevent contamination. 30 ll of protein samples was loaded in each well 15 ll molecular weight marker (sigma) was also loaded in separate lane.
Electrophoresis run
After loading, the gel was run at room temperature. A constant voltage of 200 volts was maintained during the migration of proteins through the stacking and separating gels. When the tracking dye (bromophenol blue) reached approximately up to the end of gel, the run was stopped.
Staining and de-staining of gels
Since proteins are transparent and cannot be seen as such, therefore staining process was carried to make proteins visible in the gel. Hence, after the electrophoresis, the gel was removed carefully and placed in a petridish containing staining solution. The staining was done at room temperature for 2 h. The gel was then removed from staining solution, rinsed with distilled water and placed in destaining solution in order to remove the excess stain. After the completion of de-staining the gel, it was compared with known molecular weight marker (proteins of known molecular weight) to analyze the molecular weight of protein bands of the parasites.
Statistical analysis
The statistical analysis was done by feeding data into statistical software Primer. Chi Square test was used for the analytic assessment. The differences were considered significant when the P value obtained was \0.05.
Results and discussion
The present endeavour was carried out to isolate the proteins of H. contortus. For this purpose abomasum collected from the sheep of different districts of the Kashmir valley were scanned and the parasites were collected and then passed through different laboratory techniques and processing steps in order to isolate the proteins. The whole work was carried from November, 2011 to December, 2012.
The protein concentration of the parasites which was estimated by Lowry method (Lowry et al. 1951 ) came out to be 4.2 mg/ml (Table 1; Fig. 1) . Prasad et al. (2008) estimated protein concentration of ES antigens of H. contortus to be 1.2 mg/ml; Also Prasad et al. (2007) estimated the protein concentration of H. contortus adult somatic antigen as 6.3 mg/ml; Arunkumar (2012) estimated protein concentration of H. contortus ES antigens to be 1.50 mg/ml; Clarke and Slocombe (1984) found that batches of EF of H. contortus contained protein detected by the Lowry method varying between 185 and 850 lg protein/ml; Arunkumar and Sangaran 2009 estimated total protein concentration of adult somatic antigens of H. contortus to be 1.4. The difference in the concentrations of the proteins may be attributed to the difference in the processing steps utilized for the isolation of the proteins from the parasites. For instance in the present study, parasite samples were homogenized and no sonication was done while Prasad et al. 2007 homogenized the parasite sample and then sonicated it. Also the use of buffers used for the isolation of the proteins may have a significant impact on the net outcome of the total protein concentration of the parasites, say for instance in the present study, lytic buffer and PBS were used for the estimation of the total protein concentration.
The electrophoretic behaviour of H. contortus was observed both through PAGE as well as SDS-PAGE. The PAGE analysis showed a high concentration of the total proteins of the parasite. The proteins were seen as continuous bands intermixing with each other and as such no prominent bands were observed while as in case of SDS-PAGE, distinct bands were observed which were later compared with molecular markers to determine their exact molecular weight. The PAGE analysis showed a high concentration of the total proteins of the parasite. The proteins were seen intermixing with each other. Two distinct bands were observed which were approximately of the molecular weights of 55 kDa and 33 kDa. This is shown in Fig. 2 where lane-1 shows the marker protein-66, 43, 29 and 14 kDa and lane-2 and lane-3 show the parasite protein.
SDS-PAGE of whole worm extracts were performed and subsequent gels stained. Electrophoresis of soluble proteins of H. contortus revealed the presence of 4 prominent protein bands with molecular weights ranging from 25 to 70 kDa. These bands when compared with molecular marker were found having molecular weights of 66, 40, 33 and 26 kDa (Fig. 3) . Ashman et al. (1995) purified a 70-90 kDa larval protein from H. contortus ; Fetterer et al. (1999) purified protein from adult H. contortus and its molecular weight was determined as 33 kDa by SDS-PAGE; Gomez-Munoz et al. (1996) identified and purified a 26 kDa protein partially from H. contortus by SDS-PAGE; Crab et al. (2002) partially purified 23.8 kDa protein from this parasite; Rathore et al. (2006) identified 66 kDa excretory secretory antigen from H. contortus; Prasad et al. (2007) recognized 60 and 120 kDa polypeptides from H. contortus by immunoaffinity chromatography and SDS-PAGE; Selvarayar Arunkumar (2012) on characterization of purified E/S antigen of H. contortus by SDS-PAGE revealed a single band at 66 kDa; Clarke and Slocombe (1984) observed a single band corresponding to a molecular weight of 172,000 Da from exsheathing fluid and somatic extracts of H. contortus; Siamba et al. (2012) observed 13 major peptide bands in SDS PAGE of infective L 3 larvae of H. contortus and observed a specific 46 kDa protein in unstressed parasites and 32 kDa protein in stressed ones.
The present results are in accordance with Fetterer et al. (1999) ; Gomez-Munoz et al. (1996) ; Selvarayar Arunkumar (2012), who purified proteins from H. contortus and their molecular weights were almost similar to what are reported in the present study. Here it is important to mention that the results so obtained in the present study may vary which may be due to difference in preparing the solutions, chemical reagents of different quality and quantity or application procedures (Norouzi et al. 2007) . Therefore this needs further investigation.
In nutshell, it is believed that the proteins derived from the H. contortus can be used as good immunogens and hence can be exploited for mounting the protective immune response against them. The results of the present study suggest that low molecular weight proteins deserve further investigation and could be isolated for future as vaccinating agents.
